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(54) Titie of invention: Hybnd ring circuit 

(57) Brief summery of the indention: 
Object: To provide a hybrid ring circuit' 
comprising of lines of one hue width. 
Configuration: There is the impedance Zc 
between the port PI and the port P2. and 
between the port P3 <»id the port P4 and it is 
connected to the lines 7 and 8 which phase angle 
is 62. There is the impedance Zc between the 
port P I and the port P4 and between the port P2 
and the port P3 and it is connected to the lines 5 
and 6 which phase angle is 92. The widths of 
four tines 5,6,7,8 arc all W. The phase angle 92 
is equal to ( 1 80 degree - 62) and the phase angle 
of a hybrid ring circuit is 360 degree. 
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Scope of claims: 

Claim 1) On the hybrid ring circuit which lines 
are connected as a ring and the impedance of the 
connection area is the input port or the output 
poll- 

And if the impedance Zc is set as 
(Number 1 ) 

Zc-Z p /v2 

And when the impedances of the aforementioned 
four lines are Zc, the phase angle 8 will be 
(Number 2) 

rhc plwse angle of two opposing lines on the 
aforementioned four lines will be 92 and the 
phase angle 82 on the rest of the two lines is set 
<ts ( 1 80 degree- 02) on this hybrid ring circuit. 
Detailed description of the invention ; 
0001: 

Field of the invention: This invention is for a 
hybrid ring circuit which phase angle of the input 
signal and the output signal is 90 degrees and 
which divides the electric power in half 
0002: 

Description of relevant diagram; The hybrid 
circuit is a mediator circuit which has a direction 
;md tins circuit i$ used for an electric distributor, 
a variable phase machine, and a variable fader. 
Ay the representative circuit of hybrid circuit a 
hybrid ring circuit, a rat race circuit, and al hoard 
trircuit jre well known, but we will show a 
conventional example of the hybrid ring circuit 
in Figure 7. Besides, this example is mentioned 
as a conventional example in Japanese published 
unexamined application No. 1992-207204. 
000 3 The hybrid ring circuit m this figure 
comprises of the ring-shaped four lines 107-1 10. 
The impedance of the line 107 which connects 
the port 101 and the port 103 is Zl (the width of 
the line is Wl) and the length of electrical wave 
is V*. In Addition, the line 109 which connects 
the port 102 and the port 104 has the impedance 
Zl (the width of the line is W2) and the length of 
electrical wave is V*. The tine 1 10 has the 
impedance Z2 (the width of the line is W2) and 
the length of electrical wave is %. The port 101 
and the port 103 are respectively connected to 
the connection points between the line 107 and 
the line 109 and between the line 107 and the 
line through the hue 1 05 of the impedance Zc 
(rhe width of the line is VVc). In addition, the 



2 

port 1 02 and the port 1 04 are respectively 
connected to the connection points between the 
line 108 and the line 109 and between the line 
109 and the line 108 through the line 106 of the 
impedance Zo (the width of the line is W„). 
0004: The impedance Zl is selected to be the 
impedance which is equivalent to the impedance 
Zo divided by the sqtiaie root of 2. In other 
words, it is selected to make the line Wl wider 
than the hue W 0 . The impedance Z2 is selected 
to be the same as the impedance Z 0 and the width 
of the line Z2 will be the same as the one of the 
line Zq. On this hybrid ring circuit, the high 
frequency signal which input in the port 101 will 
have the phase difference of 90 degree and will 
be output by bisecting but no signal will be 
output from the port 102. Thus the grade 
between the port 101 and the port 103 and 
between the port 103 and the port 104 will be the 
nominal 3dB. 
0005: 

Problems to be resolved by the invention: 
However, on the aforementioned hybrid riug 
circuit, the shape of the pattern will be 
complicated when we change the lines to the 
strip lines since the two lines are alternated as a 
ring. In addition, it makes more difficult to 
design since the effective abbreviation rate wiU 
be different. Because of these reasons, there is a 
problem which is hard to get the characteristic as 
planned on the traditional hybrid ring circuit. 
Thus, this invention aims at providing the hybrid 
ring circuit which can comprise the ring with the 
lines which lias the same width. 
0006: 

Summary of the invention; To solve the 
aforementioned problem, on this invention we 
connect the four lines as a riug. At the same 
time, on the hybrid ring circuit which has the 
connection points which are die input port or the 
output port of the impedance Zq, and when we 
set the impedance Zo as 
(Number 3) 

Zc=Z<A : 2 

And when the impedances of the aforementioned 
four lines are all Zc and die phase angle is 9 1 , 
(Number 4} 

91=Sm'(l/\ ; 2) 

we set the phase angle for the opposing lines of 
the aforementioned four lines as 61 and the 
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phase angle for the rest of the lines as 82 (ISO 

degree- 61). 

0007- 

Operation of the invention: Since the width of 

l lie four lines is same, the characteristic 

impedance will be only one kind and this makes 

easier to design, (n addition, we can get the 

required characteristic as planned. 

Also when the lines Ate the strip lines, we don't 

need to consider the difference of the 

jbbi eviauon rate, we can calculate the exact 

length of the lines and it makes easier to design. 

0008: 

Description of the preferred embodiments: 
Figure i shows a hybrid ring circuit of this 
invention. In this figure, the impedances 
between the pott P I and the port P2 and between 
the port P3 and the port P4 are Zc and these ports 
;ire connected to the lines 7 and 8 which phase 
angle ts 02. The impedances between the port 
PI and the pod P4 and between the port P2 and 
the port P3 are Zc and these ports are connected 
to the lines 5 and 6 which phase angle is 01 . The 
width of these tour lines 5, 6, 7, and 8 is all W 
and the impedance Zc is shown as follows. 
(Number 5} 

Zc-ZrA'2 
(I) 

However, Zq is the input and output impedance 
for the each port L 2, 3, and A. 
0009: In addition, the phase angle of the hues 5 
ond 6 <s the same as the phase angle 61 which 
on be seen in the next formula and the phase 
angle B2 of the lines 7 and 8 is equal to (ISO 
degree- ftl). In other words, the phase angle of 
ihc circuit for the hybrid ring circuit is 360 
degree. 
(Number 6) 

ei^sin'a^y 4 

(2) 

Also the ports I and 3 are connected respectively 
to the connection points of the lines 5<t7 and the 
line* f>&7. In addition, the ports 2 and 4 are 
connected respectively to the connection points 
of the lines 5&3 and the lines 8&6. Like this, 
the high frequency signal which is input in the 
port I will be output into the ports 3 and the port 
4 by dividing in half but no signal will be output 
from the port 2. In other words, the grade among 
the ports 1.3. and 4 is the nominal 3dB. 
Normally the port 2 is connected to the dummy 
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road of the impedance Z fl . Also the phase 
difference bet weai the signals from the port 3 
and the port 4 is 90 degree. 
0010: Next, we would like to explain about the 
impedance Zc, the phase angle 6 \ and the phase 
angle 02. Generally ., as for the impedance of the 
four lines on the hybrid ring circuit, the 
impedance Zl of the opposing lines ts 
(Number 7) 

Zt=ZcA/2 
(3) 

And the impedance Z2 of the rest of the lines is 

Zc=Z 0 
(4) 

However, Zq is the input and output impedance 
for the each port. Thus, we set the geometrical 
average of the impedance Zl and the impedance 
Z2 as Zc as follows 
(Number 8) 

Zo=vZ3 x Zl WZc k Zo/V2=Z ( A>2 
(5) 

001 1 : In Figure 2, the line of the phase angle 
0 1=90 is shown. To actualize the equivalent line 
by using the line of the impedance Zc, the 
impedance Zl must be smaller than the 
impedance Zc and the phase must be smaller 
than 90 degree. In Figure 3, we can connect the 
condenser to both sides of the line 26 of the 
impedance Zc and make the apparent impedance 
smaller. When the phase angle is 91 , the phase 
angle will be 

Sin6l=Zl/Zc 
(6) 

And if we assign the formula (3) and the formula 
(5} to this formula (6), 
(Number 9) 

Sinei=Z t A'2-S^ / Z () =l/'\ / 2 
(?) 

And we can get the phase angle 81 as can be 
seen in the formula (2) from this formula (7). 
Also the condenser C will be as follows. 
(Number 10) 

c=i/v\vzcunei 

(8) 
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W<, is the frequency of the center angle used. 
00 1 2: In Figure 4, the line of the impedance Z2 
and the phase angle 62=90 degree. To actualize 
the equivalent line by using the Hue of the 
impedance Zc, the impedance Z2 must be bigger 
titan the impedance Zc and the phase angle must 
he bigger than 90 degree. As can be seeu in 
Figure 5, we can connect inductors L to both 
sides of the line 32 of the impedance Zc and 
make the apparent impedance bigger. 
0013: When the phase angle is 62, the phase 
angle 92 will be 
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synthetic admittance on the parallel circuits of 
the condenser C and the inductor L is set as B : 

B=w 0 l-(l/w u C) 
(13) 

However, the w 0 is the fnequcucy of center angle 
used, (f we assign the aforementioned formulas 
(8) and (9) to this formula (13), 

B=-Zc(tanei-*-Uue2) 
(14) 



Sin «2=Zo/Z2 

(9) 

And if we assign the aforementioned formulas 
(4) and (5) to this formula (9), 
(Number t 1) 

Sm02=£ o ^2-l/Z C r--l/ i, v2 
(10) 

However, according to the aforementioned 
condition for die phase angle 92, it will be 90< 
02^1 80, therefore the phase angie 82 will be 
(Mumber 12) 

G2=lS0-(Siir , l/N2)=180-8! 
(H) 

And we can get the phase angle 82 as can be 
seen in Ihc formula (1 1). The inductor L will be 
shown as follows 
(Numbei 13) 

L-Zc -tan 92/w° 
(12) 

w p is the frequency of the center angle used. 
0014; With using the equivalent lines to the line 
of the impedance Zc, the hybrid ring circuit 
comprise as can be seen in Figure 6. In this 
figure, the line 32 which has the impedance Zc m 
the formula ( ! ) and the phase angle 62 in the 
formula (flits connected between the port PI 
and the pou PI and between the pon P3 and the 
port P4, and the line 26 which has the impedance 
Zc in the formula (I) and the phase angle 91 in 
the formula (2) is connected between the port PI 
and the port P4 and between the port P2 and the 
port P3 

00) 5. I" addition., the condenser C and the 
inductor I. arc connected in parallel at the 
connection point of the lines 32 and 26. If tiic 



Thus, from the aforementioned formula (1 I V 
62=050-61) 
and therefore; 
tan G2=-tan 62 

Thus the synthetic admittance B in the 
aforementioned formula (14) will be shown as 
B=0 

00 16: It ts clear that the parallel circuit with the 
condenser C and the inductor L resonate in 
parallel at the frequency of center angle of w 0 . 
Therefore, it is possible to abbreviate the parallel 
circuit with the condenser C and the inductor Ltn 
the area of the frequency of center angle w 0 . 
001 7: In this case, the length of the line 26 will 
be shown 35 
(Number 14) 

U= 91/360 x X 0 =Sin-l(l/*v , 2)/360-X fl 
(13) 

And the length of the line 32 will be shown as 
(Number 15) 

L2= 82/360 x X 0 =l S0-Sm-1( 1/^/2 )/360-*o 
(14) 

The approximations of the length of hue LI and 
12 in the aforementioned formulas will be as 
follows. 

Ll.10.159^ 

(15) 

L2^0.34U, 
(16) 
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Aois the wave length at the frequency of center 
angle u$ed. 

0018: The hybrid ring in Figure 1 is the hybrid 
nng circuit which was made during this course 
of construction. For example, when the 
frequency of center angle C o is 100MHz, and 
Zo=500 on the hybrid ring circuit in Figure I, 
the impedance Zc will be approximately 
42.045Q and the length LI of the lines 5 and 6 
will be approximately 477mm, the length L2 of 
fiie line 7 and 8 will be approximately 1023mm. 
The phase angle 01 will be approximately 57.23 
decree and the phase angle 82 will be 
approximately 1 22.77 degree. If wc input the 
sigp.;\! of frequency . .0 to the port P 1 on this 
hybrid ring circuit, the signal will be output by 
dividing in half from the port P2 and the port P3 
and no signal will be output from the port P4. In 
this case, it is better to connect the dummy road 
of the impedance Z 0 to the port P4. In addition, 
this invention can be in a circular form, 
0010; 

Cftect of the invention: Since this invention 
consists as mentioned above, the width of four 
lines which comprise the hybrid ring circuit are 
the same and the characteristic impedance of the 
lines will be only one kind Thus, it makes 



easier to design and enable to get the 
characteristic as planned. If we change the lines 
to the strip lines, we don't need to consider the 
difference of the abbreviation rate due to the 
width difference of the lines, we can calculate 
the exact length of the lines and it makes easier 
to design. 

Brief description of the drawings: 
Figure 1 shows a hybrid ring circuit of the 
invention. 

Figure 2 shows one of the lines which comprise 
a hybrid ring circuit. 

Fi&uie 3 show one of the equivalent lines which 

comprise a hybrid ring circuit. 

Figure 4 shows one of the rest of the lines which 

comprise a hybrid ring circuit. 

Figure 5 shows one of the rest of the equivalent 

lines which comprise a hybrid ring circuit. 

Figure 6 show a hybrid ring circuit which 

consists of the equivalent lines. 

Figure 7 shows a traditional hybrid ring circuit. 

exposition of the sitms: 

Ports I, 2, 3, 4, 2).. 22, 24, 25, 27, 2S, 30. 31, 

101,102,103,104 

Lines 5, 6, 7, S, 23, 26. 29, 32, 105, 106, 107, 

108, 109. 110 
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